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© Head-up display. 



© A self contained interior rear-view mirror unit for 
a vehicle provides a head-up display image (92) of 
vehicle information at a distance in front of the 
vehicle operator. This is achieved by providing a 
viewing apparatus for use in a vehicle comprising a 
housing (14) mountable within the vehile and includ- 
ing an aperture; display apparatus mounted in the 



housing and including a display source (20) and 
projecting means (32) for projecting a primary virtual 
image (92) of the display source (20) viewable 
through the aperture; and a partially reflective com- 
biner element (16,82) adapted to combine the pro- 
jected primary virtual image with an image reflected 
off the combiner element. 
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The present invention relates to a head-up dis- 
play for use in a vehicle to provide a head-up 
display image of relevant vehicle information. 

Head-up displays have long been used in air- 
planes to aid the pilot(s). The head-up display s 
reflects information the pilot needs off a half-mirror 
or the windshield and projects that information at a 
distance in front of the plane so that the pilot does 
not have to look into the cockpit to see the informa- 
tion. 10 

More recently, head-up displays have been 
used in automotive applications in which the image 
is projected up and reflected off the front wind- 
shield of the vehicle to appear at a distance in front 
of the driver. In such cases the front windshield is 75 
used as a combiner, allowing the head-up display 
image to appear together with the view through the 
front windshield. With a head-up display in a ve- 
hicle, the driver does not have to adjust his/her 

yes from the road to read information, such as 20 
vehicle speed, which is normally displayed in the 
vehicle instrument panel. 

One limitation of head-up displays is the space 
required for the display source and optics. In the 
past, the display source and optics of the head-up 25 
display have been placed in or on the instrument 
panel. The difficulty in this placement of the dis- 
play source and optics is that the instrument panel 
usually, .has very little space available for such 
systems. 30 

Another limitation with head-up displays re- 
flected off the front windshield is that the wind- 
shield, because of its shape, is an imperfect com- 
biner. The result is that the reflected image often 
appears distorted. In addition, the image reflected 35 
off the front windshield is not very bright because 
normal windshield glass does not reflect a high 
percentage of light. 

A further limitation of previous head-up dis- 
plays is that they must be tailored to the specific 40 
vehicle model in which they are used, making their 
implementation in other models difficult and expen- 
sive. 

The present invention seeks to provide a head- 
up display that does not compete for valuable as 
space in the instrument panel and that preferably 
provides a bright image of vehicle information so 
that the vehicle driver does not have to adjust eye 
focus to view the image. The present invention 
pr ferably also seeks to provide a head-up display 50 
which is easily adaptable to different model ve- 
hicles. 

Accordingly, an aspect of the present invention 
provides a head-up display as specified in claim 1 . 

In a preferred embodiment, the display and ss 
optical components of a head-up display are 
housed in a self-contained interior rear-view mirror 
unit so that the components do not have to share 
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room in the instrument panel with other compo- 
nents. Also included in this embodiment is a com- 
biner or mirror so the projected image is bright and 
has minimal distortion. This embodiment thus can 
provide a rear-view mirror head-up display which is 
easily adaptable to different model vehicles. 

In another implementation, an image creating 
means includes a vacuum fluorescent display for 
displaying information such as vehicle speed. Pro- 
jecting means is also provided and includes first 
and second lenses, the first lens being a negative 
tens which creates a reduced size first virtual im- 
age of the vacuum fluorescent display and the 
second lens being a positive lens which magnifies 
and projects a second virtual image of the first 
virtual image. A fold mirror is preferably included 
between the first and second lenses to save space. 
Combining means comprising a partially silvered 
portion of the rear-view mirror which can reflect an 
image of the scene through the rear window of the 
car is provided to combine the reflected image with 
the image projected by the positive lens. 

An embodiment of the present invention is 
described below, by way of illustration only, with 
reference to the accompanying drawings, in which:- 
Figure 1 is an illustration showing an embodi- 
ment of head-up display fitted in an interior rear- 
view mirror unit; 

Figure 2 is an example of a display for thee 
head-up display of Figure 1; 
Figure 3 is an illustration showing a second 
embodiment of rear-view mirror head-up display; 
and 

Figure 4 is a schematic drawing showing the 
projected image of one of the head-up displays 
of Figures 1 and 3 in relation to the rear-view 
mirror unit and the operator's eye. 
Referring to Figure 1, a rear-view mirror 16 is 
attached to a tailored housing 14 which houses the 
head-up display components, including a display 
driver circuit 18, an image source 20, a negative 
lens 24, a fold mirror 28, and a positive lens 32. 
The housing is attached to a conventional mount 
10, which is attachable to the front windshield of 
the vehicle in conventional manner. The ball joint 
12 is stiff er than conventional ball joints for rear- 
view mirrors to compensate for the additional 
weight of the head-up display components. 

The housing 14 is moulded out of a plastics 
material and its rounded shape has been found not 
to interfere significantly with the vehicle operator's 
view through the front windshield. 

The cable 11 provides electronic data signals 
for the display driver circuit 18. The cable 11 can 
be mounted along the perimeter of the front wind- 
shield (not shown), hidden by the interior trim of 
the vehicle (also not shown), and nt rs th hous- 
ing 14 near the mirror mount 10. The data fed 
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through cable 11 is of the conventional form used 
to drive conventional digital instrument panel dis- 
plays. It may include, for example, data in digital 
form representative of the vehicle's speed. 

Referring to Figure 2, the image source 20 5 
(Figure 1) includes a digital speedometer 62, a 
gauge warning indicator 50, two turn signal indica- 
tors 52 and 54, a low fuel indicator 56, a high beam 
indicator 58, and a speedometer scale indicator 60. 

Referring again to Figure 1, the cable 11 may 10 
be formed of eleven individual conductors for car- 
rying a signal indicative of the ignition voltage, 
ground, a parking light dimming signal, a head-up 
display dimming signal, a low fuel signal, a "check 
gauges" signal, a right turn signal, a left turn signal, 75 
a high beam signal, an imperial/metric signal, and a 
serial vehicle speed signal. The serial speed signal 
may be in the form of a series of pulses in which, 
for example, 4000 pulses represent one mile. 

The display driver circuit 18 uses these signals 20 
to drive the image source 20 (see also Figure 2) 
and is readily implemented by one skilled in the 
art. In order to obtain satisfactory display bright- 
ness, the image source 20 is preferably a vacuum 
fluorescent display. 25 

Lens 24, attached to the housing 14 by brack- . 
ets 26, projects a virtual image of the display 20. 
Preferably, lens 24 is a plano-concave lens with a 
focal length, f. of -50 mm. The lens 24 is placed 
substantially 50 mm in front of vacuum fluorescent 30 
display 20 and projects a half-size virtual image of 
the display 25 mm in front of the display. Although 
the plano-concave lens 24 is not necessary, it is 
preferred as it can reduce the amount of space 
required between the image source 20 and the 35 
magnifying lens 32. The image created by lens 24 
is reflected off the fold mirror 28 and is then 
projected by lens 32. Since the fold mirror inverts 
the image, the image source 20 must generate an 
inverted image (see Figure 2) so that the projected 40 
data can be read in the normal manner by the 
vehicle operator. Fold mirror 28 acts to fold the 
optical path 30, thereby reducing the space re- 
quired by the apparatus. 

The lens 32 is preferably a plano-convex lens 45 
with a focal length of 150 mm. The plano-convex 
lens 32 projects a primary image, which is a mag- 
nified virtual image of the half-size virtual image 
formed by the lens 24. The primary image is 
projected so as to appear to be approximately 2 50 
meters behind the lens 32, and about 2.5 meters 
from the position of the driver's eye, so as to 
appear to be floating above the front bumper of the 
vehicle. Figure 4 shows the projected primary im- 
age 92 appearing at a distance in front of the 55 
driver's eye 94 and th rear view mirror housing 
14. 

The rear-view mirror 16 is similar to a conven- 



tional mirror with the modification that the area in 
front of lens 32, designated by reference numeral 
34, is only partially silvered, creating a half-mirror. 
The rest of mirror 16 is a complete mirror. Like 
conventional mirrors, the mirror 16 is adjustable for 
day and night viewing via a standard adjusting 
mechanism represented by box 22. It should be 
noted that although in the preferred implementation 
the mirror 16 is adjustable between two positions 
for day and night viewing, the housing 14 and the 
head-up display components therein do not move 
when the mirror 16 is adjusted. This prevents the 
head-up display image from moving outside of the 
driver's field of vision when the mirror 16 is ad- 
justed. 

Although the adjusting mechanism is not illus- 
trated in detail in the drawing, it is of conventional 
form and is readily implemented by one skilled in 
the art. For example, the mirror 1 6 may be pivotab- 
ly mounted to the housing 14 at the top such that 
the adjusting lever controls the position of the 
bottom of the mirror to change between day and 
night viewing. 

Someone viewing the rear-view mirror head-up 
display will see the projected image in combination 
with scenery to the rear of the car reflected in the 
rear- view mirror. The partially silvered portion 34 of — 
mirror 16 reflects both the rear scenery and allows - * 
the projected image to be viewed so that it appears ■ 
to float in the reflected rear scenery. •>= 

The projected image is visible by the vehicle J 
operator only as long as the field of vision of one of 
the operator's eyes includes the eyebox, or viewing ■ 
window, which can be described as the outside 
bounds of the optical path leading through the 
lenses to the image source 20. For example, for a 
lens 32 formed from a round lens with a diameter 
of 105 mm and squared so that its vertical height is 
51 mm, the viewing window is approximately 77.5 
mm wide when the operator's eye is 500 mm from 
the rear-view mirror. 

Care must be taken to assure that the optical 
path of the head-up display image falls within the 
optical path of the desired rear scenery reflected in 
the rear-view mirror. One satisfactory alignment for 
optical path 30 when passing through the mirror 16 
in a system with the above-described parameters 
is seven degrees toward the vehicle operator from 
the orthogonal axis of the mirror 16. For different 
implementations, however, the most suitable optical 
path may be different. 

In order to keep the weight of the above- 
described embodiment to a minimum, the optical 
components, including the lenses 32 and 24 and 
mirror 28, may be of a plastics material. More 
specifically, acrylic lenses are suggested. This im- 
provement will, of course, reduce the amount of 
stress on ball joint 12. 



3 



5 



EP 0 475 502 A2 



6 



A second embodiment of the head-up display 
is shown in Figure 3. 

In the embodiment of Figure 3, the housing 70 
for the head-up display system is rectangular in 
shape. The image source 20 provides the image to 
be projected by the single lens 32. In this embodi- 
ment, the rear-view mirror itself is not used as a 
combiner, instead, a separate combiner 82 is 
mounted to the housing 70 via bracket 80. Com- 
biner 82 combines the projected image with sce- 
nery through the front windshield of the vehicle 
instead of scenery reflected in the rear-view mirror. 
Baffles 74 and 76 provided on the bottom of hous- 
ing 70 and being approximately 3 mm and 6 mm in 
height, respectively, prevent the appearance of 
double images, reflected off the interior surfaces of 
the housing. It should also be noted that with only 
one lens, the required distance between the image 
source 20 and the lens 32 is increased to achieve 
the same image size and eyebox as in the example 
illustrated in Figure 1. 

As will be apparent to those skilled in the art, 
the lens system of the rear- view mirror head-up 
display may include lenses other than the plano- 
concave and plano-convex lenses and may also 
contain three or more lenses, depending on the 
desired system parameters. 

Claims 

1. Viewing apparatus for use in a vehicle com- 
prising a housing (14) mountable within the 
vehicle and including an aperture; display ap- 
paratus mounted in the housing and including 
a display source (20) and projecting means 
(32) for projecting a primary virtual image (92) 
of the display source (20) viewable through the 
aperture; and a partially reflective combiner 
element (16,82) adapted to combine the pro- 
jected primary virtual image with an image 
reflected off the combiner element. 

2. Viewing apparatus according to claim 1, 
wherein the display source (20) includes a 
vacuum fluorescent display. 

3. Viewing apparatus according to claim 1 or 2, 
wherein the projecting means includes first and 
second lenses (24,32), the first lens (24) being 
a negative lens for producing a reduced size 
virtual image of the image from the display 
source, the second lens (32) being a positive 
lens for producing the primary image (92). 

4. Viewing apparatus according to claim 3, 
wherein the first lens (24) is a plano-concave 
lens and the second lens (32) is a plano- 
convex lens. 



5. Viewing apparatus according to any preceding 
claim, comprising a fold mirror (28) located in 
the optical path (30) between the display 
source and the partially reflective combiner 

5 element. 

6. Viewing apparatus according to any preceding 
claim, wherein the partially reflective combiner 
element (16,82) includes a portion adapted for 

70 use as an interior rear-view mirror (16) and a 

partially mirrored portion (34) for allowing the 
passage of the projected primary image (30) 
therethrough. 

is 7. Viewing apparatus according to claim 6, 
wherein the interior rear-view mirror (16) is 
adjustable for day and night viewing, the pro- 
jected primary image being substantially un- 
affected by such adjustment. 

20 

8. Viewing apparatus according to any preceding 
claim, wherein the housing is substantially 
rounded to the rear of the aperture. 

25 9. Viewing apparatus according to any preceding 
claim, wherein the combiner element (16,82) is 
adapted to combine the projected primary vir-.. 
tual image with a view rearward or forward of 
the vehicle. 

30 

10. Viewing apparatus according to any preceding 
claim, wherein the projected primary virtual 
image is displayed such that a vehicle operator 
can view the projected primary virtual image 

35 without having to adjust eye focus significantly 

from the focus required during normal driving. 

11. A rear-view mirror for a vehicle comprising 
viewing apparatus according to any preceding 

40 claim. 
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